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(57) ABSTRACT

One or more systems and techniques for communicating a
signal between a first chip and a second chip using one or
more circuits are provided. If the signal corresponds to a first
voltage, one or more voltages are provided to one or more
locations and a capacitive load is charged using a pull-up
driver that is connected to a power supply. If the signal cor-
responds to a second voltage, one or more voltages are pro-
vided to one or more locations and the capacitive load is
discharged using a pull-down driver that is connected to
ground. When the first chip is powered off, a fail-safe mode is
provided by configuring a cross control circuit to generate a
bias to control one or more transistors.

20 Claims, 4 Drawing Sheets
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CONTROLLING VOLTAGE AT PAD

BACKGROUND

Some circuits are configured to couple one or more elec-
trical components to one or more other electrical components.
Such circuits are commonly found in circuitry of various
electronic devices, such as personal computers and cellular
phones. Such circuits are also commonly found in memory
circuitry.

DESCRIPTION OF THE DRAWINGS

FIG.1is a flow diagram illustrating a method of processing
an input signal, according to some embodiments.

FIG. 2 is a flow diagram illustrating a method of processing
an output signal, according to some embodiments.

FIG. 3 is an illustration of a circuit, according to some
embodiments.

FIG. 4 is an illustration of at least some values of voltages
that are applied to one or more locations of a circuit, accord-
ing to some embodiments.

DETAILED DESCRIPTION

The claimed subject matter is now described with reference
to the drawings, wherein like reference numerals are gener-
ally used to refer to like elements throughout. In the following
description, for purposes of explanation, numerous specific
details are set forth in order to provide an understanding of the
claimed subject matter. It is evident, however, that the
claimed subject matter can be practiced without these specific
details. In other instances, structures and devices are illus-
trated in block diagram form in order to facilitate describing
the claimed subject matter.

One or more circuits and one or more techniques for using
such circuits to facilitate signals between chips, for example,
are provided herein. A circuit is connected to a first chip, and
a second chip via a pad. For example, the first chip is associ-
ated with a different voltage level than the second chip. The
circuit comprises a pull-up driver, a pull-down driver, and a
cross-control circuit. In some embodiments, the circuit
receives an input signal for the first chip from the second chip.
If the input signal corresponds to a first voltage, then one or
more voltages are applied to one or more locations in the
circuit, and a capacitive load is charged using an external
pull-up driver. If the input signal corresponds to a second
voltage, such as a voltage less than the first voltage, then one
or more other voltages are applied to one or more locations in
the circuit, and the capacitive load is discharged using an
external pull-down driver. In other embodiments, the circuit
receives an output signal for the second chip from the first
chip. If the output signal corresponds to a first voltage, then
one or more voltages are applied to one or more locations in
the circuit, and a capacitive load is charged using an internal
pull-up driver. If the output signal corresponds to a second
voltage, such as a voltage less than the first voltage, then one
or more other voltages are applied to one or more locations in
the circuit, and the capacitive load is discharged using an
internal pull-down driver. In an embodiment, the circuit pro-
vides a fail-safe mode. In the fail-safe mode, where the sec-
ond chip attempts to transmit a signal to the first chip and the
first chip is powered off; the cross control circuit generates a
bias to control one or more transistors.

A method 100 of facilitating a signal between a first chip
and a second chip, according to some embodiments, is illus-
trated in FIG. 1, and one or more circuits used to implement
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such a methodology areillustrated in FIG. 3. In FIG. 4, at least
some values of voltages that are applied to one or more
locations of a circuit are indicated. At 102, an input signal for
a first chip is received from a second chip by an input/output
(I/0) interface comprising a circuit, as illustrated in example
300 of FIG. 3. In an embodiment, the input signal is received
from the second chip via a pad 302.

At 104, a determination is made that the input signal cor-
responds to a first voltage. In some embodiments, the input
signal is associated with logical high. For example, the input
signal is a 3.3 V signal. At 106, one or more voltages are
applied to one or more locations. In an embodiment, the one
or more locations are comprised in the 1/O interface compris-
ing the circuit. Application of the one or more voltages to the
one or more locations results in transmission of a logical high
to the first chip. For example, a first amount of voltage is
applied to A, the first amount of voltage is applied to B, the
first amount of voltage is applied to C, a second amount of
voltage is applied to D, the second amount of voltage is
applied to F, the first amount of voltage is applied to H, the
first amount of voltage is applied to W1, the first amount of
voltage is applied to W2, the first amount of voltage is applied
to PG, which corresponds to an external pull-up driver, and a
third amount of voltage is applied to NG, which corresponds
to an external pull-down driver, as illustrated in example 400
of FIG. 4. At 108, a capacitive load is charged using the
external pull-up driver. In some embodiments, the first
amount of voltage is greater than the second amount of volt-
age, and the second amount of voltage is greater than the third
amount of voltage. For example, the first amount of voltage is
3.3V, the second amount of voltage is 1.8 V, and the third
amount of voltage is 0 V. In an embodiment, the external
pull-up driver is connected to a power supply 324. The power
supply 324 is associated with a voltage level, suchas a3.3V
level. In another embodiment, the external pull-down driveris
connected to ground 326.

In some embodiments, the pad 302 may have a high volt-
age, such as 3.3 V. The high voltage of the pad 302 triggers the
cross control circuit 301 to control net voltages of A, B, C, D,
F, W1, W2, and PG.

It will be appreciated that in some embodiments, the exter-
nal pull-up driver is associated with one or more transistors.
In an embodiment, the one or more transistors comprise a
p-type transistor, such as a p-type metal-oxide semiconductor
field-effect transistor (pMOSFET). For example, in FIG. 3,
transistor 328, transistor 330, and transistor 332 are pMOS-
FETs associated with the external pull-up driver. In other
embodiments, the one or more transistors comprise an insu-
lated gate bipolar transistor (IGBT), a bipolar junction tran-
sistor (BJT), a field-effect transistor (FET), or an n-type
metal-oxide semiconductor field-effect transistor (nMOS-
FET), for example.

At 110, a determination is made that the input signal cor-
responds to a second voltage, such a voltage less than the first
voltage. In some embodiments, the input signal is associated
with logical low. For example, the input signal is a 0 V signal.
At 112, one or more voltages are applied to one or more
locations. In an embodiment, the one or more locations are
comprised in the I/O interface comprising the circuit. Appli-
cation of the one or more voltages to the one or more locations
results in transmission of a logical low to the first chip. For
example, a third amount of voltage is applied to A, a second
amount of voltage is applied to B, the second amount of
voltage is applied to C, the second amount of voltage is
applied to D, the third amount of voltage is applied to F, the
second amount of voltage is applied to H, the second amount
of'voltageis applied to W1, a first amount of voltage is applied
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to W2, the first amount of voltage is applied to PG, which
corresponds to an external pull-up driver, and the third
amount of voltage is applied to NG, which corresponds to an
external pull-down driver, as illustrated in example 400 of
FIG. 4. At 114, the capacitive load is discharged using the
external pull-down driver. In some embodiments, the first
amount of voltage is greater than the second amount of volt-
age, and the second amount of voltage is greater than the third
amount of voltage. For example, the first amount of voltage is
3.3 V, the second amount of voltage is 1.8 V, and the third
amount of voltage is 0 V. In an embodiment, the external
pull-up driver is connected to a power supply 324. The power
supply 324 is associated with a voltage level, suchasa3.3V
level. In another embodiment, the external pull-down driver is
connected to ground 326.

In some embodiments, the pad 302 may have a low voltage,
such as 0 V. The low voltage of the pad 302 triggers the cross
control circuit 301 to control net voltages of A, B, C, D, F, W1,
W2, and PG.

It will be appreciated that in some embodiments, the exter-
nal pull-down driver is associated with one or more transis-
tors. In an embodiment, the one or more transistors comprise
a p-type transistor, such as a pMOSFET. In other embodi-
ments, the one or more transistors comprise an IGBT, a BJT,
a FET, or an nMOSFET, for example. For example, in FIG. 3,
transistor 334, transistor 336, and transistor 338 are nMOS-
FETs associated with the external pull-down driver.

A method 200 of facilitating a signal between a first chip
and a second chip, according to some embodiments, is illus-
trated in FIG. 2, and one or more circuits used to implement
such a methodology areillustrated in FIG. 3. In FIG. 4, at least
some values of voltages that are applied to one or more
locations of a circuit are indicated. At 202, an output signal for
a second chip is received from a first chip by an I/O interface
comprising a circuit, as illustrated in example 300 of FIG. 3.
In an embodiment, the output signal is received from the first
chip via a pad 302.

At 204, a determination is made that the output signal
corresponds to a first voltage. In some embodiments, the
output signal is associated with logical high. For example, the
output signal is a 3.3 V signal. At 206, one or more voltages
are applied to one or more locations. In an embodiment, the
one or more locations are comprised in the I/O interface
comprising the circuit. Application of the one or more volt-
ages to the one or more locations may result in transmission of
a logical high to the second chip. For example, a fourth
amount of voltage is applied to A, the fourth amount of
voltage is applied to B, the fourth amount of voltage is applied
to C, a first amount of voltage is applied to D, the fourth
amount of voltage is applied to F, the fourth amount of voltage
is applied to H, the first amount of voltage is applied to W1,
the first amount of voltage is applied to W2, a second amount
of voltage is applied to PG, which corresponds to an internal
pull-up driver, and a third amount of voltage is applied to NG,
which corresponds to an internal pull-down driver, as illus-
trated in example 400 of FIG. 4. At 208, a capacitive load is
charged using the internal pull-up driver. In some embodi-
ments, the first amount of voltage is greater than the second
amount of voltage, and the second amount of voltage is
greater than the third amount of voltage. For example, the first
amount of voltage is 3.3 V, the second amount of voltage is 1.8
V, the third amount of voltage is 0 V, and the fourth amount of
voltage is 3.3 V minus a threshold voltage (V ;) of a transistor.
In some embodiments, the threshold voltage may correspond
to a transistor that the fourth amount of voltage is applied to.
For example, a fourth amount of voltage appliedto Ais 3.3V
minus a threshold voltage of a first transistor corresponding to
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A, while a fourth amount of voltage applied to B is 3.3 minus
athreshold voltage of a second transistor corresponding to B,
where the first transistor corresponding to A is the same as or
different than the second transistor corresponding to B. In an
embodiment, the internal pull-up driver is connected to a
power supply 324. The power supply 324 is associated with a
voltage level, such as a 3.3 V level. In an embodiment, the
internal pull-down driver is connected to ground 326.

In some embodiments, the internal pull-up driver pulls a
net voltage of C to a high voltage, such as 3.3 V. The net
voltage of C triggers the cross control circuit 301 to control
net voltages of A, B, D, F, W1, W2, and PG. The pad 302 is
then pulled to a high voltage, such as 3.3 V.

At 210, a determination is made that the output signal
corresponds to a second voltage, such a voltage less than the
first voltage. In some embodiments, the output signal is asso-
ciated with logical low. For example, the output signal is a 0
V signal. At 212, one or more voltages are applied to one or
more locations. In an embodiment, the one or more locations
are comprised in the I/O interface comprising the circuit.
Application of the one or more voltages to the one or more
locations may result in transmission of a logical low to the
second chip. For example, a third amount of voltage is applied
to A, a second amount of voltage is applied to B, the second
amount of voltage is applied to C, the second amount of
voltage is applied to D, the third amount of voltage is applied
to F, the second amount of voltage is applied to H, the second
amount of voltage is applied to W1, a first amount of voltage
is applied to W2, the first amount of voltage is applied to PG,
which corresponds to an internal pull-up driver, and the sec-
ond amount of voltage is applied to NG, which corresponds to
an internal pull-down driver, as illustrated in example 400 of
FIG. 4. At 214, the capacitive load is discharged using the
internal pull-down driver. In some embodiments, the first
amount of voltage is greater than the second amount of volt-
age, and the second amount of voltage is greater than the third
amount of voltage. For example, the first amount of voltage is
3.3V, the second amount of voltage is 1.8 V, and the third
amount of voltage is 0 V. In an embodiment, the internal
pull-up driver is connected to a power supply 324. The power
supply 324 is associated with a voltage level, suchas a3.3V
level. In another embodiment, the internal pull-down driver is
connected to ground 326.

In some embodiments, the internal pull-down driver pulls a
net voltage of A to a low voltage, such as 0 V. The net voltage
of A triggers the cross control circuit 301 to control net
voltages of B, C, D, F, W1, W2, and PG. The pad 302 is then
pulled to a low voltage, such as 0 V.

It may further be appreciated that in some embodiments,
the first chip is associated with a different voltage level than
the second chip. In an embodiment, the first chip is associated
with a greater voltage level than the second chip. For
example, the first chip is associated with a 3.3 V voltage level
and the second chip is associated with a 1.8 V voltage level. In
another embodiment, the first chip is associated with a lower
voltage level than the second chip. For example, the first chip
is associated with a 1.8 V voltage level and the second chip is
associated with a 3.3 V voltage level. At least some of the
described embodiments may allow a 3.3 V 1/O interface to
work with a 1.8 V process.

A system configured to provide a fail-safe mode, according
to some embodiments, is illustrated at least in part in FIG. 3.
The system comprises an 1/O interface as illustrated by
example 300, a first chip, a second chip, and a cross control
circuit 301. The second chip is configured to transmit a signal
for the first chip via the I/O interface. The first chip is powered
off. The cross control circuit 301 is configured to generate a
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bias to control one or more transistors. In some embodiments,
the cross control circuit 301 is configured to generate a bias in
one or more nMOSFETs. For example, the one or more
nMOSFETs comprise transistor 334, transistor 336, and tran-
sistor 338. In some embodiments, the cross control circuit
301 is configured to generate a bias in one or more pMOS-
FETs. For example, the one or more pMOSFETs comprise
transistor 328, transistor 330, and transistor 332. It will be
appreciated that the fail-safe mode may control leakage and
improve safety when the second chip transmits the signal to
the first chip while the first chip is powered off.

In an embodiment of the fail-safe mode, the signal from the
second chip is a 3.3 V signal. The power supply 324 is asso-
ciated with a voltage level, such as a 0 V level. In some
embodiments, a second amount of voltage is applied to A, the
second amount of voltage is applied to B, the second amount
of'voltage is applied to C, a first amount of voltage is applied
to D, the second amount of voltage is applied to F, the second
amount of voltage is applied to H, the first amount of voltage
is applied to W1, the second amount of voltage is applied to
W2, the second amount of voltage is applied to PG, which
corresponds to an internal pull-up driver, and a third amount
of'voltage is applied to NG, which corresponds to an internal
pull-down driver, as illustrated in example 400 of FIG. 4. In
some embodiments, the first amount of voltage is greater than
the second amount of voltage, and the second amount of
voltage is greater than the third amount of voltage. For
example, the first amount of voltage is 3.3 V, the second
amount of voltage is 1.8 V, and the third amount of voltage is
oVv.

In an embodiment illustrated at least in part in FIG. 3, a
circuit may comprise a power switch 340 and a voltage
divider 342. The voltage divider 342 comprises one or more
resistors, such as a resistor coupled to ground. In some
embodiments, the voltage divider 342 comprises one or more
other devices, such as transistors or diodes. The power switch
340 comprises a first transistor, a second transistor and an
inverter. The voltage divider 342 is coupled to the first tran-
sistor of the power switch 340. For example, the voltage
divider 342 is coupled to a source of the first transistor. The
first transistor is coupled to the second transistor. For
example, a drain of the first transistor is coupled to a source of
the second transistor. The second transistor is coupled to the
inverter. For example, a gate of the second transistor is
coupled to the inverter. The inverter is coupled to a first
voltage source. In some embodiments, the inverter is coupled
to a device corresponding to a middle bias of the pad 302. The
first voltage source is coupled to a gate of the first transistor.
The second transistor is coupled to a second voltage source.
For example, a drain of the second transistor is coupled to the
second voltage source. The source of the second transistor is
coupled to a third voltage source. In some embodiments, the
first voltage source is configured to supply 1X, the second
voltage source is configured to supply 1X, and the third volt-
age source is configured to supply 1X'. In an embodiment, the
first voltage source and the second voltage source correspond
to voltage from an external source, and the third voltage
source corresponds to voltage from the power switch 340.

In some embodiments illustrated at least in part in FIG. 3,
the voltage divider 342 is coupled to a pad 302. The pad 302
is coupled to an N shield 348 comprising transistor 334. For
example, the pad 302 is coupled to a source of transistor 334.
The N shield 348 is coupled to a pull-down driver 350 com-
prising transistor 336 and transistor 338. For example, a drain
of transistor 334 is coupled to a source of transistor 336, and
a drain of transistor 336 is coupled to a source of transistor
338. A drain of transistor 338 is coupled to ground 326. The
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N shield 348 is coupled to a P shield 1 346. The P shield 1 346
comprises transistor 330, transistor 332, and N-well 352. For
example, the source of transistor 334 is coupled to a drain of
transistor 332, a source of transistor 332 is coupled to a drain
of transistor 330, and the N-well 352 is coupled to transistor
330 and transistor 332. The P shield 1 346 is coupled to a P
shield 2 344. The P shield 2 344 comprises transistor 328 and
N-well 354. For example, a source of transistor 330 is coupled
to a drain of transistor 328, and transistor 328 is coupled to
N-well 354. In an embodiment, a source of transistor 328 is
coupled to a power supply 324.

In some embodiments, as illustrated in FIG. 3, transistor
328, transistor 330, transistor 332, transistor 334, transistor
336, transistor 338, N-well 354, and/or N-well 352 are con-
nected to one or more devices. At least some of the one or
more devices are comprised in a cross control circuit 301. For
example, the one or more devices comprise one or more
transistors. At least one of the one or more transistors is
coupled to a voltage source. For example, a voltage source
corresponds to a first voltage, a second voltage, or a third
voltage. In an embodiment, the first voltage is indicated by
1X, the second voltage is indicated by 1X', and the third
voltage is indicated by 2X. It will be appreciated that in an
embodiment, the first voltage and the third voltage corre-
spond to voltage from an external source, and the second
voltage corresponds to voltage from a power switch. In some
embodiments, the first voltage corresponds to 1.8 V, the sec-
ond voltage corresponds to 1.8 V, and the third voltage cor-
responds to 3.3 V.

According to an aspect of the instant disclosure, a method
for facilitating a signal between a first chip and a second chip
is provided. The method comprises, if the signal corresponds
to a first voltage, providing one or more voltages to one or
more locations, and charging a capacitive load using an exter-
nal pull-up driver that is connected to a power supply. The
method further comprises, if the signal corresponds to a sec-
ond voltage, providing one or more voltages to one or more
locations, and discharging the capacitive load using an exter-
nal pull-down driver that is connected to ground.

According to an aspect of the instant disclosure, a method
for facilitating a signal between a first chip and a second chip
is provided. The method comprises, if the signal corresponds
to a first voltage, providing one or more voltages to one or
more locations, and charging a capacitive load using an inter-
nal pull-up driver that is connected to a power supply. The
method further comprises, if the signal corresponds to a sec-
ond voltage, providing one or more voltages to one or more
locations, and discharging the capacitive load using an inter-
nal pull-down driver that is connected to a discharge node,
such as ground.

According to an aspect of the instant disclosure, a system to
provide a fail-safe mode is provided. The system comprises
an I/O interface, a first chip, a second chip, and a cross control
circuit. The second chip is configured to transmit a signal for
the first chip via the I/O interface. The first chip is powered
off. The cross control circuit is configured to generate a bias
to control one or more transistors.

Although the subject matter has been described in lan-
guage specific to structural features or methodological acts, it
is to be understood that the subject matter of the appended
claims is not necessarily limited to the specific features or acts
described above. Rather, the specific features and acts
described above are disclosed as example forms of imple-
menting the claims.

Various operations of embodiments are provided herein.
The order in which some or all of the operations are described
should not be construed as to imply that these operations are
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necessarily order dependent. Alternative ordering will be
appreciated by one skilled in the art having the benefit of this
description. Further, it will be understood that not all opera-
tions are necessarily present in each embodiment provided
herein. It will be appreciated that layers, features, elements,
etc. depicted herein are illustrated with particular dimensions
relative to one another, such as structural dimensions or ori-
entations, for example, for purposes of simplicity and ease of
understanding and that actual dimensions of the same differ
substantially from that illustrated herein, in some embodi-
ments. Additionally, a variety of techniques exist for forming
the layers features, elements, etc. mentioned herein, such as
etching techniques, implanting techniques, doping tech-
niques, spin-on techniques, sputtering techniques such as
magnetron or ion beam sputtering, growth techniques, such as
thermal growth or deposition techniques such as chemical
vapor deposition (CVD), physical vapor deposition (PVD),
plasma enhanced chemical vapor deposition (PECVD), or
atomic layer deposition (ALD), for example.

Further, unless specified otherwise, “first,” “second,” or the
like are not intended to imply a temporal aspect, a spatial
aspect, an ordering, etc. Rather, such terms are merely used as
identifiers, names, etc. for features, elements, items, etc. For
example, a first channel and a second channel generally cor-
respond to channel A and channel B or two different or
identical channels or the same channel.

Moreover, “exemplary” is used herein to mean serving as
an example, instance, illustration, etc., and not necessarily as
advantageous. As used in this application, “or” is intended to
mean an inclusive “or” rather than an exclusive “or”. In addi-
tion, “a” and “an” as used in this application are generally to
be construed to mean “one or more” unless specified other-
wise or clear from context to be directed to a singular form.
Also, at least one of A and B or the like generally means A or
B orboth A and B. Furthermore, to the extent that “includes”,
“having”, “has”, “with”, or variants thereof are used in either
the detailed description or the claims, such terms are intended
to be inclusive in a manner similar to “comprising”.

Also, although the disclosure has been shown and
described with respect to one or more implementations,
equivalent alterations and modifications will occur to others
skilled in the art based upon a reading and understanding of
this specification and the annexed drawings. The disclosure
includes all such modifications and alterations and is limited
only by the scope of the following claims.

What is claimed is:
1. A method for applying a first voltage at a pad, compris-
ing:

activating a pull-up driver situated between a power supply
outputting the first voltage and a node to pull the node to
a second voltage, the second voltage less than the first
voltage by about a voltage threshold of the pull-up
driver;

triggering, responsive to the node being pulled to the sec-
ond voltage, a cross control circuit to activate one or
more transistors situated between the pull-up driver and
the pad, comprising:
applying the first voltage to a first gate of a first transistor

of the one or more transistors; and

pulling the pad to the first voltage responsive to activating
the one or more transistors situated between the pull-up
driver and the pad.

2. The method of claim 1, wherein the triggering a cross

control circuit to activate one or more transistors comprises:

applying the second voltage to a second gate of a second

transistor of the one or more transistors.
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3. The method of claim 2, wherein the second transistor is
situated between the first transistor and the pad.

4. The method of claim 1, wherein the pull-up driver com-
prises one or more pMOSFETs.

5. The method of claim 1, further comprising triggering,
responsive to the node being pulled to the second voltage, the
cross control circuit to apply the second voltage to a second
gate of a second transistor situated between the pad and a
pull-down driver.

6. A method, comprising:

responsive to determining that a first voltage is to be

applied to a pad:

activating a pull-up driver situated between a power
supply outputting the first voltage and a first node to
pull the first node to a second voltage;

triggering, responsive to the first node being pulled to the
second voltage, a cross control circuit to activate one
ormore transistors situated between the pull-up driver
and the pad; and

pulling the pad to the first voltage responsive to activat-
ing the one or more transistors situated between the
pull-up driver and the pad; and

responsive to determining that a third voltage is to be

applied to the pad:
activating a pull-down driver situated between ground
and a second node to pull the second node to the third
voltage;
triggering, responsive to the second node being pulled to
the third voltage, the cross control circuit to activate
one or more transistors situated between the pull-
down driver and the pad, comprising:
applying a fourth voltage to a first gate of a first
transistor of the one or more transistors situated
between the pull-down driver and the pad; and
pulling the pad to the third voltage responsive to activating
the one or more transistors situated between the pull-
down driver and the pad.

7. The method of claim 6, wherein the activating a pull-
down driver comprises:

applying the fourth voltage to one or more gates of the

pull-down driver.

8. The method of claim 6, further comprising triggering,
responsive to the second node being pulled to the third volt-
age, the cross control circuit to apply the third voltage to a
gate of a first transistor of the one or more transistors situated
between the pad and the pull-up driver.

9. The method of claim 6, wherein the third voltage is about
0V and the fourth voltage is about 1.8 V.

10. The method of claim 6, wherein the pull-down driver
comprises one or more nMOSFETs.

11. The method of claim 8, further comprising triggering,
responsive to the second node being pulled to the third volt-
age, the cross control circuit to apply the third voltage to a
second transistor of the one or more transistors situated
between the pad and the pull-up driver.

12. The method of claim 11, wherein the first transistor of
the one or more transistors situated between the pad and the
pull-up driver is situated between the pad and the second
transistor.

13. The method of claim 6, the second voltage less than the
first voltage by about a voltage threshold of the pull-up driver.

14. The method of claim 6, the fourth voltage about one-
half the first voltage.

15. The method of claim 6, further comprising triggering,
responsive to the first node being pulled to the second voltage,
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the cross control circuit to apply the second voltage to a gate
of a transistor situated between the pad and the pull-down
driver.

16. A system comprising:

a pull-up driver coupled to a power supply;

a first n-well coupled to a body of the pull-up driver;

a p-shield comprising a first transistor and a second tran-
sistor, wherein:

a first source of the first transistor is coupled to the
pull-up driver;

a first drain of the first transistor is coupled to a second
source of the second transistor; and

a second drain of the second transistor is coupled to a
pad;

a second n-well coupled to a first body of the first transistor
and a second body of the second transistor, the second
n-well different than the first n-well;

an n-shield comprising a third transistor;

—
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a pull-down driver coupled to ground and to the n-shield;

and

a voltage divider coupled to the pad and configured to

generate a reference voltage based upon a voltage at the
pad.

17. The system of claim 16, wherein the n-shield is coupled
to the pad.

18. The system of claim 16, wherein the pull-down driver
comprises at least two transistors.

19. The system of claim 16, further comprising a cross
control circuit configured to apply one or more voltages to at
least one of the first transistor, the second transistor, or the
third transistor.

20. The system of claim 19, further comprising a power
switch configured to generate a half voltage level of an input
signal for the cross control circuit.
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